In line bisection right-brain-damaged patients with left spatial neglect show a rightward deviation, with respect to the line's physical center. In word bisection ortho-phonological features of the stimulus' final (right-sided) part modulate performance of both patients and healthy participants (Veronelli, Vallar, Marinelli, Primativo, & Arduino, 2014) . We investigated the role of linguistic factors in sentence bisection, in patients with and without neglect, and control participants. The effects of information in the rightsided part of the sentence (Experiment #1), and of lexical and syntactic violations (Experiment #2) were assessed. Neglect patients showed an overall rightward bias, larger than those of patients without neglect and controls. The neglect patients' bias was modulated by stimulus type, decreasing from lines, to letter strings and to all types of sentences. In sum, in visuo-manual sentence bisection a basic linguistic mechanism, such as sentence readability, brings about a more leftward appreciation of the stimulus, reducing the neglect patients' rightward bias.
Introduction
Right-brain-damaged patients with left spatial neglect fail to report sensory events occurring in the side of space contralateral to the hemispheric lesion, and fail to perform actions in that portion of space (Bisiach & Vallar, 2000; Husain, 2008; Vallar, 1998; Vallar & Bolognini, 2014) .
Right-brain-damaged patients with left spatial neglect may show a rightward bias in line bisection, a task widely used for both the clinical assessment and experimental investigations of neglect (Bisiach, Bulgarelli, Sterzi, & Vallar, 1983 ; Bisiach, Capitani, Colombo, & Spinnler, 1976; Daini, Angelelli, Antonucci, Cappa, & Vallar, 2002) . In manual line bisection, participants are required to mark the subjective mid-point of the line stimulus, placed horizontally in front of them, typically using the right dominant hand, which is unaffected by motor deficits in right brain-damaged patients. The magnitude of the patients' rightward bias is influenced by stimulus length, typically with a disproportionately greater rightward error with longer lines, as compared to patients without neglect and control participants (Bisiach et al., 1983; Halligan & Marshall, 1989; Vallar, Daini, & Antonucci, 2000) . This length effect may reflect a rightward attentional bias, whereby the right end of the line may disproportionately attract the patients' spatial attention.
In recent years, the bisection task has been considered a useful paradigm for investigating the spatial representation of written words. Fischer (1996) found that neurologically unimpaired participants exhibit a leftward bias (i.e., ''pseudoneglect''), when setting the subjective mid-point of orthographic material, including words, pseudowords (i.e., legal, pronounceable non-words), letter strings, and symbols (Fischer, 2000b) . Automatic lexical access may involve an attentional focusing on the beginning of words (Fischer, 1996 (Fischer, , 2000a (Fischer, , 2000b (Fischer, , 2004 , in order to establish a cohort of potential entries in the mental lexicon (Paap, Newsome, McDonald, & Schvaneveldt, 1982) . Consequently, in participants who read from left to right, the extent of the initial part of a word would be over-represented, yielding a systematic leftward error in word bisection. According to this Attentional Scaling Hypothesis was supported in part by FAR Grants from the University of Milano-Bicocca, and by Ricerca Corrente Grants from the IRCCS Istituto Auxologico Italiano. (Fischer, 1996 ) the greater leftward bias in bisecting English words showed by Hebrew-English bilinguals with right-to-left reading habits in their first language, as compared with native English participants, would be due to the higher cognitive load during lexical access in their second language (English). This spatial distortion could be also responsible, at least partially, for the leftward bias in oculomotor behavior during reading tasks, as it could reduce gaze duration, lexical decision and naming latencies (O'Regan & Jacobs, 1992; O'Regan, Lévy-Schoen, Pynte, & Brugaillère, 1984) . In a manual bisection task, Italian healthy participants show leftward biases for long words, pseudowords, consonant, and symbol strings, as well as for short and long lines; however, for orthographic and symbolic short sequences the bisection bias is rightwards (Arduino, Previtali, & Girelli, 2010) . This result indicates that the general leftward bias in bisection (''pseudoneglect'': Jewell & McCourt, 2000) may be modulated by linguistic factors, suggesting that the bisection of lines and of linguistic material involves processes that do not completely overlap (Fischer, 1996) . In line with this view, right brain-damaged patients with left spatial neglect may show different patterns of impaired vs. preserved bisection performance for words and lines, further supporting the view that at least two types of processes (visuo-perceptual, for all types of stimuli; linguistic for letter and symbol strings) are involved, and may be differentially affected by left neglect (Veronelli et al., 2014) .
The modulation by linguistic factors of the bisection bias of both unimpaired participants, and right-brain-damaged patients with left neglect is revealed also by the influence of ortho-phonological information contained in the final part of a word. Specifically, both right-brain-damaged patients with left neglect and neurologically unimpaired participants set the midpoint of Italian words stressed on the penultimate syllable more rightward than for words stressed on the antepenultimate syllable, in accord with the lexical information provided by stress position (more rightward for penultimate than for antepenultimate). Ortho-phonological information contained in the final part (right) of a word, which is likely to be comparatively more attended by patients with left neglect, may act as a cue during bisection (Veronelli et al., 2014) .
In this study we aimed at extending the investigation of the role of linguistic and visuo-spatial factors from single written words (Veronelli et al., 2014) to written sentences, again using the bisection paradigm in right-brain-damaged patients and in neurologically unimpaired participants.
Experiment #1 assessed the role of linguistic information contained in the rightward final position of the sentence. There is evidence that the syntactic structure can reduce left-sided reading omission errors made by right-brain-damaged patients with left neglect dyslexia, namely: fewer word omission errors in sentences in which the final word is required by syntax, than in sentences that remain grammatical also without the final word (Friedmann, Tzailer-Gross, & Gvion, 2011) .
In the present study we used Wh-interrogative sentences in both versions: where the subject is questioned, and thus with the object in final position in the sentence, and where the object is questioned. In the latter case, the object appears in an initial position in the sentence, rather than after the verb, where typically objects are found in Italian. Yes/No interrogative sentences and declarative sentences were also used. We predicted that when the object of a sentence was placed in the initial position (as in Wh-interrogative sentences where the object is questioned), patients could not find it on the right after the verb, and thus could be prompted to shift attention leftwards. This cue would reduce the rightward bisection bias, as compared to sentences with the object placed in final position. Furthermore, in written Italian the only difference between Yes/No interrogative sentences and the corresponding declarative sentences is the presence of a question mark at the right end of the interrogative sentence. A difference in bisecting declarative vs. Yes/No interrogative sentences would suggest that the allocation of spatial attention is modulated by the status of the sentence (declarative vs. interrogative).
The control condition included unreadable letter strings, mimicking the visuo-perceptual structure of a sentence, in terms of spaces between words. Furthermore, a set of continuous lines was introduced as a baseline condition. Even if this point was not directly addressed by the present study, there could be a difference in bisecting sentences vs. letter strings, but also discrete letter strings vs. continuous lines (Arduino et al., 2010; Veronelli et al., 2014) . Very few studies addressed this point in the literature. Lee et al. (2004) reported a systematic rightward error in the bisection of character and symbol strings in neurologically unimpaired participants, and a greater rightward displacement in right-braindamaged patients with left neglect, as compared with solid lines. Mohr and Leonards (2007) replicated in healthy participants this rightward displacement using long letter strings in which words were inserted. The greater rightward bias when words are included was accounted for in terms of a greater contribution by left hemispheric processes (Bowers & Heilman, 1980) , normally devoted to language processing, or by a greater demand on ''local'' attentional processes, also mainly supported by the left hemisphere (Martin, 1979) . Furthermore, there is some evidence that patients with left spatial neglect may be more impaired at more ''global'', rather than ''local'', levels of information processing (Delis, Robertson, & Efron, 1986; Gallace, Imbornone, & Vallar, 2008) . The activation of local processes may give leeway to right-brain-damaged patients with left neglect to perform a more extensive leftward exploration of letter strings, in comparison to standard line bisection.
Experiment #1. Materials and methods

Participants
Participants were recruited from the inpatient population of the Department of Neurorehabilitation Sciences of Casa Cura Policlinico, Milan, Italy. Eight right-brain-damaged patients with left unilateral spatial neglect (N+), eight right-brain-damaged patients without neglect (NÀ), and eight matched control participants (C) took part in the study. The 16 right-brain-damaged patients had suffered a ischemic cerebrovascular attack (two N+ patients an ischemic stroke with hemorrhagic infarction): eight N+ patients (six females; mean age 77.4 years, SD ± 5.95, range 68-86; mean years of schooling 8.0 years, SD ± 4.14, range 5-13; mean duration of disease 1.5 months, SD ± 0.76, range 1-3), and eight NÀ patients (two females; mean age 74.6 years, SD ± 7.33, range 61-87; mean years of schooling 9.6 years, SD ± 4.75, range 2-13; mean duration of disease 1.9 months, SD ± 2.10, range 1-7). The eight C participants (five females) had a mean age of 77.9 years (SD ± 5.46, range 70-85), and 8.8 mean years of schooling (SD ± 3.73, range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] were also included. The YP group, together with the older control group, was recruited to gather data relevant to the available evidence that the leftward line bisection bias of ''pseudoneglect'', shown by neurologically unimpaired participants, diminishes with increasing age (Jewell & McCourt, 2000) .
Informed consent was obtained from all participants, according with the Declaration of Helsinki (British Medical Journal, 302: 1194, 1991).
Baseline neuropsychological assessment
The presence and severity of left spatial neglect were assessed through a battery, including the following tests: Two out of the three sets of the original stimuli were used, including two lists of 38 words and 38 orthographically pseudowords, which had been obtained from the 38 real words, changing one letter in the left-half of each word, without violating the phonotactic and orthographic constraints of Italian. Stimuli were presented separately in a random-fixed order, with a time-limited computerized procedure. Participants sat about 50 cm away from a 15.4'' PC screen in a quiet room, with the center of the screen aligned with the mid-sagittal plane of the participant's body. E-Prime v 2.0 software was used to display the stimuli. Each trial began with a 300 ms fixation point (a cross, black, 30-pt, Arial font) followed by the appearance of a single word displayed in the center of the screen for 500 ms. Letters were presented in black, uppercase, using 37-pt Arial font. The participant's task was to read aloud each letter string, with answers being manually registered by the experimenter. If a participant failed to read correctly all of the first 5 stimuli, or 8 out of the first 10 stimuli, time exposure was increased to 750 ms. In case of failure with this stimulus time exposure (scored with the same criteria), a 1000 ms exposure was used. No feedback was given as for the participant's accuracy. Pseudoword reading performance is a better predictor for neglect dyslexia, as compared to word reading (Martelli, Arduino, & Daini, 2011) . Accordingly, patients were classified as showing left neglect dyslexia when more than 50% of their errors on pseudowords were ''neglect errors''. The ''neglect point'' (Ellis, Flude, & Young, 1987) criterion was used to detect reading errors due to left neglect dyslexia: ''errors in which target and error words are identical to the right of an identifiable neglect point in each word, but share no letters in common to the left of the neglect point'' (loc. cit. p. 445).
Right-brain-damaged patients were classified as N+ if their scores were defective in at least two of the diagnostic tests (Cattaneo et al., 2012) . Scores of the baseline assessment for N+ and NÀ patients are shown in Table 2 .
Stimuli and procedure
All participants were asked to manually set the midline of different types of sentences, differing in their syntactic structure (i.e., presence or absence of obligatory linguistic information in the right hand-side of the stimulus), compared to letter strings and lines. A total of 240 sentences were administered, comprising six types, with 40 items per type. All sentences are listed in the Appendix A. Wh-interrogative pronouns Chi, Cosa, Che, Quale (Who, What, Which) were used with the same frequency in sets (i) an (ii). Furthermore, verbs were the same within each set, and noun frequencies in the left and right part of the sentences were balanced both within and between sets of stimuli.
The Control condition comprised:
(v) Unreadable letter strings generated in order to mimic the visuo-perceptual structure of a sentence in terms of spaces between letters and the full stop. The presence of double letters was also maintained. Half of the stimuli were consonant strings, half vowel strings. E.g., Vbd fgnmrptc spdnnrdfg cv ngtrsddfrt. or Aoi auoi eooiuaie i aeuoieiae. 
Statistical analyses
The average standardized scores of the YP group were analyzed separately by a repeated-measures analysis of variance (ANOVA), with one within-subjects factor (type of stimulus), since their level of education was not comparable with that of the elderly group of healthy control participants. The scores of N+, and NÀ patients, and C participants were analyzed by a repeated-measures ANOVA with one within-subjects factor (stimulus type), with six levels (object interrogative sentences, subject interrogative sentences, declarative sentences, Yes/No interrogative sentences, letter strings, lines), and one between-subjects factor, with three levels (the three groups of participants: N+, NÀ patients, C participants). The Greenhouse-Geisser correction for repeated-measured analyses (Greenhouse & Geisser, 1959) was used, in order to correct for violations of the sphericity assumption whenever necessary. For each analysis, the partial Eta Squared (pg 2 ), which measures the proportion of the total variance that is attributable to a main factor or to an interaction, was computed (Cohen, 1973) , and whenever necessary pairwise comparisons were performed with StudentNewman-Keuls' post hoc multiple comparisons. Finally, each average standardized score was compared to the objective midline of the stimulus through one-sample t-tests against zero. The level of significance was set at p < .05.
Results
As shown in Fig. 2 , the YP group bisected all types of orthographic stimuli leftwards with respect to the objective midpoint of the stimulus, being quite accurate with lines and letter strings.
An ANOVA revealed a significant main effect of stimulus type (F 3,45 = 3.45; p = .03; pg 2 = .15). Post hoc multiple comparisons showed significant differences between Yes/No interrogative sentences and both letter strings (M = À2.49% vs. M = À.33%), and lines (M = À2.49% vs. M = À.77%), with all other comparisons failing to reach the significance level (object interrogative sentences: M = À1.67%; subject interrogative sentences: M = À1.69%; declarative sentences: M = À1.50%).
As assessed by t-against zero tests, YP's accuracy differed from fully precise bisection for all types of sentences (object interrogative sentences: deviation M = À1.67%, t 19 = À2.67, p = .01; subject interrogative sentences: M = À1.69%, t 19 = À2.59, p = .02; declarative sentences: M = À1.50%, t 19 = À2.76; p = .01; Yes/No interrogative sentences: M = À2.49%, t 19 = À3.83, p = .001), while no difference was found for letter strings (M = À.33%, t 19 = À.64, p = .53), and lines (M = À.77%, t 19 = À1.13, p = .27).
Overall, the YP group exhibited a leftward deviation for all types of stimuli, with a greater shift error for sentences, as compared to letter strings and lines. Fig. 2 shows the deviation scores of N+, and NÀ patients, and of C participants. N+ patients made an overall major rightward bisection error, modulated by type of stimulus, with a maximum deviation for lines and letter strings. NÀ patients showed a greater rightward deviation for letter strings and lines, being more accurate with sentences. C participants showed a leftward deviation for Yes/No interrogative sentences, being more accurate with all other types of stimuli.
An ANOVA with a within-subjects factor (stimulus type), and a between-subjects factor (participants' groups) revealed a significant main effect of group (F 2, 21 ). No differences were found between object interrogative sentences, subject interrogative sentences, declarative sentences, and Yes/No interrogative sentences. In the NÀ and C group no significant differences were found. In the N+ group t-tests against zero showed that the bisection scores of letter strings (M = 15.68%, t 7 = 2.81, p = .03), and lines (M = 24.56%, t 7 = 5.77, p = .001) were significantly rightward with respect to the objective midpoint of the stimulus. Conversely, the scores for linguistic material did not differ from accurate bisection (object interrogative sentences: M = 10.47%, t 7 = 2.04, p = .08; subject interrogative sentences: M = 7.42%, t 7 = 2.25, p = .06; declarative sentences: M = 8.25%, t 7 = 1.70; p = .13; Yes/No interrogative sentences: M = 7.24%, t 7 = 1.66, p = .14). NÀ patients showed rightward deviations significantly different from accurate bisection for letter strings (M = 2.40%, t 7 = 2.39, p = .048), and lines (M = 3.65%, t 7 = 3.54, p = .01), but not for all types of linguistic material (object interrogative sentences: M = .64%, t 7 = .72, p = .50; subject interrogative sentences: M = .19%, t 7 = .24, p = .82; declarative sentences: M = À.29%, t 7 = À.28; p = .79; Yes/No interrogative sentences: M = À.89%, t 7 = À.98, p = .36). In the C group the bisection scores differed from accurate bisection with a leftward bias only for Yes/No interrogative sentences (M = À1.67%, t 7 = À2.90, p = .02), while there were no significant differences for all other types of stimuli (object interrogative sentences: M = À.60%, t 7 = À.51, p = .63; subject interrogative sentences: M = À.49%, t 7 = À.33, p = .75; declarative sentences: M = À.72, t 7 = À.55; p = .60; letter strings: M = 1.68%, t 7 = 2.01, p = .08; lines: M = 1.92%, t 7 = 1.96, p = .09).
Overall, N+ patients made a minor rightward error, when bisecting all types of sentences, as compared to letter strings and lines. In particular, the rightward bias was greater for lines, moderate for letter strings and comparatively minor for all types of sentences, independently of their syntactic structure. NÀ patients made greater rightward errors for letter strings and lines than for sentences. The C group bisected leftwards Yes/No interrogative sentences, while the YP group bisected leftwards all types of stimuli, with a greater deviation for sentences.
Experiment #2. Materials and methods
In Experiment #1 right-brain-damaged patients with left neglect exhibited a smaller rightward deviation in bisecting all types of sentences used in the present study, with respect to letter strings and lines. This smaller rightward deviation for sentences may be due to different linguistic processes, including: (i) a specific syntactic component, governing the formation of the structure of sentences; (ii) a process that takes into account the semantics of a sentence; (iii) a very basic linguistic mechanism, simply sensitive to the linguistic nature of the material (such as its readability). In order to investigate which type of such putative processes produced the facilitation, a new experiment was devised, in which patients and control participants were required to bisect declarative and interrogative sentences, sentences including lexical (i.e., the presence of pseudowords), and syntactic (i.e., wrong order of the elements within a sentence) violations, and letter strings and lines.
Several predictions could be made. If the directional error made by N+ patients with correct sentences increased with items with lexical, but not with syntactic, violations, the conclusion could be drawn that the patients' bisection is guided leftwards by a lexical mechanism (Fischer, 1996 (Fischer, , 2000a (Fischer, , 2000b (Fischer, , 2004 . Conversely, if the directional error increased when syntactic (but not lexical) violations are inserted, the mechanism guiding the patients' bisection leftwards could be syntactic in nature. If the leftward deviation brought about by correct sentences were reduced or abolished by the presence of both lexical and syntactic violations, the leftward shift might be traced back to both factors operating jointly. Finally, if the directional error decreased for both lexical and syntactic violations, in the same way as for correct sentences (and not for letter strings), a very basic linguistic mechanism, such as the readability of the stimulus, might be responsible.
Participants
A new group of patients was recruited from the inpatient population of the Department of Neurorehabilitation Sciences of Casa Cura Policlinico, Milan, Italy. Six N+ patients, and six C participants took part in the study. N+ patients had suffered a cerebrovascular stroke (five ischemic, one hemorrhagic). The sample included two females and four males with a mean age of 78.2 years (SD ± 4.07, range 76-84), and a mean education of 6.83 years (SD ± 3.25; range 5-13). The patients' mean duration of disease was .92 months (SD ± .58, range .5-2). Lesion site was assessed for each rightbrain-damaged patient by CT or MRI scan, and drawn manually using the MRIcro software (Rorden & Brett, 2000) onto selected horizontal slices of a standard template brain. Single lesion maps of four right-brain-damaged patients are shown in Fig. 1 (Experiment #2). Maximum overlapping (two patients) involved a large region including the inferior parietal lobule, the pre-central and post-central gyri, the insula, and the superior and middle temporal gyri.
Scan images were unavailable for two patients, with neuroradiological records reporting an ischemic lesion involving the right parieto-temporo-occipital regions (patient LV), and the right internal capsule and basal ganglia (patient RF). Six C subjects matched for age (M = 74.67, SD ± 7.23, range 66-86), and educational level (M = 8.67 years, SD ± 3.27, range 5-11) participated in the study. Age (t 10 = 1.03, p = .33), and educational level (t 10 = À.97, p = .35) did not differ between groups. Patients were right-handed on a standard questionnaire (Oldfield, 1971) , had normal or correctedto-normal vision, and no history of previous neurological and psychiatric disorders. All patients were given a Mini Mental State Examination (Folstein et al., 1975) and their scores (M score = 26.02, SD ± 1.44, range 24.2-28.2) were above the adjusted cut-off of Magni et al. (1996) .
Demographic and neurological information for N+ patients are shown in Table 3 . Informed consent was obtained from all participants, according with the Declaration of Helsinki (British Medical Journal, 302: 1194, 1991).
Baseline neuropsychological assessment
The presence and severity of left spatial neglect were assessed with the battery used in Experiment #1. Table 4 shows the results of the baseline assessment for N+ patients.
Stimuli and procedure
Patients were required to set the subjective mid-point of different types of sentences, as in Experiment #1. A total of 240 stimuli were used (see Appendix A), divided into six groups of 40 stimuli. Stimuli sets were presented in a randomized fixed order to each participant. were generated half from the declarative sentences, and half from the Yes/No interrogative sentences. Word order in each sentence was randomized, with each element (subject, object, verb) occupying the initial, central, and final positions in the sentence, with the same frequency. Furthermore, articles were separated from the accompanying nouns [e.g.: declarative: La mamma smarrisce il portafoglio (the mother loses the wallet); non-syntactic: Portafoglio il mamma smarrisce la (Wallet mother the loses the)]. (iv) Non-lexical sentences: stimuli were generated by changing letters in each word (in the left and right part of each word, ranging from two letters to a maximum of all but two letters), without changing the order of the original words in the sentence. Specifically, articles, verb endings/suffix, noun suffix were maintained, changes being confined to the root, gender/number agreement, consonant clusters, and double consonants [e.g., La cabba sterrisce il costapoglio (the loster sares the pibbet)]. Procedure and scores were the same as in Experiment #1.
Statistical analyses
Data were analyzed by a repeated-measures ANOVA with one within-subjects factor (stimulus type, with six levels: declarative, Yes/No interrogative, non-lexical, and non-syntactic sentences; letter strings; lines), and one between-subjects factor (group, with two levels: N+ patients and C participants). Pairwise comparisons were performed with the Newman-Keuls test. Furthermore, each average standardized score was compared to the objective midline of the stimulus through one-sample t-tests against zero. The level of significance was set at .05.
Results
N+ patients exhibited a larger rightward deviation for lines and letter strings, being quite accurate with all types of sentences; C participants were accurate with all types of stimuli (Fig. 3) .
An ANOVA showed a significant main effect of stimulus type ( In sum, N+ patients showed a rightward bisection bias modulated by stimulus type, larger for lines, moderate for letter strings and minor for all types of sentences, confirming the results of Experiment #1.
Discussion
The present study aims at investigating whether linguistic information modulates the lateral deviation of the subjective midpoint in the bisection of orthographic strings by right-braindamaged patients with left spatial neglect, as recently found for reading performance (Friedmann et al., 2011) .
Control young participants exhibit a leftward deviation with all types of sentences, being quite accurate with letter strings and lines. These results extend to sentences the finding of a leftward deviation in bisection. In word bisection, the leftward bias found in healthy participants is greater with words than with lines (Arduino et al., 2010; Fischer, 1996 Fischer, , 2000a Fischer, , 2000b Fischer, , 2004 . The greater leftward bias found in the present study with sentences compared to lines and strings of letters supports the role of linguistic processing during the visuo-spatial task of bisection. However, the bisection bias is not modulated by sentence type, thus suggesting no effects of the syntactic structure per se.
The N+ group demonstrates an overall rightward deviation with all types of stimuli, minor with sentences than with letters strings and lines. The minor rightward deviations with orthographic stimuli confirm the role of the linguistic mechanism in shifting the allocation of attention leftwards. This shifting is guided by the left-to-right reading habits, thus modulating the directional error (Chokron, Bartolomeo, Perenin, Helft, & Imbert, 1998; Chokron & Imbert, 1993) . Similarly to what has been observed for young neurologically unimpaired participants, N+ and NÀ patients as well as C participants show no modulation as a function of the syntactic structure of the sentences. Conversely, lexical information located in the final part of a word (right-sided, such as stress position) may act as a cue for bisection, modulating the bias itself (Veronelli et al., 2014) . In the present study, the specific information contained in the final part of a sentence does not exert any specific effects on the bisection bias. In fact, no differences have been found between types of sentences in which the final part is more or less informative from a linguistic point of view, such as Il professore smarrisce il quaderno (The teacher loses the notebook), in which the object is found in the typical post-verbal position, vs. Che quaderno smarrisce il professore? (Which notebook does the teacher lose?), in which the object is placed in the initial position. These findings do not support the hypothesis that the presence of the object in initial position, rather than after the verb shifts spatial attention to the left. Furthermore, N+ patients make a greater rightward deviation for lines than for letter strings. This issue was not specifically addressed by the present experiments. Letter strings and lines differ both for orthography, and visuo-perceptual aspects: the former are made up by discrete orthographic elements, the latter are continuous non-orthographic stimuli (Arduino et al., 2010) . It has been repeatedly suggested that the deficit of right-brain-damaged patients with left neglect takes place mainly at a comparatively more ''global'', rather than ''local'', level of processing (Delis et al., 1986; Gallace et al., 2008) . The possibility may be entertained that continuous stimuli, given their structure, need to be processed globally (i.e., considering the initial and final parts together). These global processes may be defective in neglect patients (Gallace et al., 2008) , who show a larger rightward bisection bias for (continuous) line stimuli. This account is supported by the finding that the advantage of letter strings over lines is not found in right-brain-damaged patients without left spatial neglect, nor in both young and elderly control participants, namely, it is a specific pattern shown by neglect patients. Another possibility is that for letter strings, but not for lines, a linguistic mechanism may be active, and this may bring about a leftward allocation of spatial attention. However, the effect on letter strings is minor than with readable material. In one study (Lee et al., 2004) , right-braindamaged patients with left neglect set the mid-point of letter strings more rightwards when compared to lines. This result could be due, at least in part, to the particular task used, namely finding the target letter or symbol closest to the midline of the character line. This is not purely a bisection task, combining features of both bisection and cancellation tests (Lee et al., 2004) . Interestingly, Lee et al. (2004) suggest the involvement of a local-left-hemispherebased level of processing in letter string bisection, as compared with lines.
Another interpretation is based on the well-known observation that right-brain-damaged patients with left spatial neglect set the mid-point of longer lines disproportionately more rightwards than that of shorter lines (Bisiach et . In the present study, however, an account of the greater rightward bias for lines vs. letter strings shown by neglect patients in terms of illusory effects is unlikely, since neurologically unimpaired control participants do not show it. This is different to what has been found in other studies, where the effects of perceptual illusions in bisection are described for both right-braindamaged patients with left neglect and control participants (review in Vallar & Daini, 2006) . The control group matched by age with brain-damaged patients exhibits a leftward deviation only in the case of Yes/No interrogative sentences, being quite accurate with all other types of stimuli. These results extend to sentences what has been previously shown for lines, namely, a reduction in neurologically unimpaired participants of the leftward bias (''pseudoneglect'') in bisection, in elderly as compared with young participants (Jewell & McCourt, 2000) . These age-related effects have been interpreted in terms of a disproportionate aging of the right hemisphere, compared to the left hemisphere (Dolcos, Rice, & Cabeza, 2002; Jewell & McCourt, 2000; Schmitz & Peigneux, 2011) . Finally, in line with the view that the right hemisphere is primarily involved and contributes to the representation of lateral spatial extent, right-braindamaged patients without left neglect show an overall rightward bias, as compared with neurologically unimpaired participants in Experiment #1, and exhibit a significant rightward deviation (with respect to the physical center of the stimulus), with both letter strings and lines.
Experiment #2 was designed to investigate whether the reduction of the rightward bias in sentence bisection shown by neglect patients could be better accounted for in terms of syntactic or semantic mechanisms, or by a more basic linguistic process. N+ patients show an overall rightward deviation for all types of stimuli, with a greater error for lines, moderate for letter strings and minor for all types of sentence (declarative, Yes/No interrogative, non-lexical with a preserved morphosyntactic structure, non syntactic with scrambled words, letter strings and lines), confirming the results of Experiment #1. The linguistic nature of the stimulus reduces the rightward bias for sentences with respect to letter strings, also in the case of sentences with lexical and syntactic violations. This suggests that a basic linguistic mechanism is operative during the visuo-spatial task. The readability of the sentence could explain these results: letter strings, unlike sentences, cannot be read, but letter by letter.
In conclusion, in the visuo-spatial task of bisection, which involves an estimation of physical extent, specific processes become active when the stimulus material is linguistic, and sentential. These processes are responsible for shifting leftwards the estimated mid-point of the stimulus, in the direction of the leftto-right reading habits of the investigated sample of brain-damaged patients (with and without unilateral spatial neglect), and unimpaired participants. This type of modulation could be grounded on a basic linguistic mechanism, such as the readability of the material used. 
